IMPORTANCE Previous studies of resident attrition have variably included preliminary residents and likely overestimated categorical resident attrition. Whether program director attitudes affect attrition has been unclear.
S urgical resident attrition poses a multifaceted problem to the continued training and production of surgeons and is often believed to be responsible for the loss of as many as 26% of all surgical residents who begin training. 1 Trainees who leave a program-to pursue a different medical specialty, pursue surgical training at a different program, or exit graduate medical education entirely-can disrupt training schedules, may negatively affect program morale, and threaten both an individual program and the profession's ability to repopulate the surgical workforce. [2] [3] [4] [5] The rate of trainee loss has been studied previously, although a review of the currently available literature demonstrates a large range of reported trainee losses (up to 32% in one series 5 ), with heterogeneous study methods. Much of the available literature reports retrospective data from a single center [2] [3] [4] [5] [6] [7] [8] [9] or includes preliminary residents in an analysis of attrition rates, 10 both of which may overstate or inaccurately describe the nature of the problem. In addition, multicenter studies often report only 1 or 2 academic years' worth of data from which they extrapolate conclusions, 5, [11] [12] [13] a practice that may also misrepresent the nature of the problem. For these reasons, the actual rate of surgical resident attrition is unknown. Little current evidence exists regarding what role, if any, program directors have in preventing surgical resident attrition. This is a difficult topic given that the reasons for surgical resident trainee losses are often multifaceted and personal. 14 There are certainly examples when trainees should change career paths, and some degree of attrition is likely a normal part of any training program. However, when compared with similar surgical disciplines, general surgery has a significantly higher rate of resident attrition. Previous studies of obstetrics and gynecology, orthopedic surgery, and neurosurgery have reported 5-year attrition rates of between 1% and 6%, 15 which stands in contrast to the oft-cited 20% rate in general surgery. Program directors in general surgery have been surveyed regarding their program's attrition rate 12, 13 and their attitudes about the state of general surgery training, 16 but their opinion on resident attrition and its prevention has not been examined, to our knowledge. With that in mind, we conducted this study with the following aims: assess program director attitudes toward surgical resident attrition, examine whether program director attitudes correlate with resident attrition, measure the current rate of resident attrition, and identify programmatic factors associated with high attrition or low attrition.
Methods
Twenty-one current general surgery program directors were asked to participate in a survey on their attitudes toward resident attrition and resident education. The general surgery programs were chosen because of their geographic location, previous collaboration with some of this study's coauthors on multi-institutional studies, prior work in surgical education and research, or the presence of a program director who was willing to distribute the survey and to encourage participation. The program directors were surveyed from October 11, 2015, to Program directors were queried about the educational structure, operative volume, and graduation data of their individual program. Specific variables collected included program location, availability of resident research opportunities, operative volume of intern-level residents, overall operative volume of graduating residents, mentorship opportunities, presence of resident retreat, amount of education conference time per week and whether it is fully protected, availability of elective rotations for residents, use of night float system, and recruitment trends. The survey used a 4-point Likert scale (ranging from 1 for "strongly disagree" to 4 for "strongly agree") to determine the program directors' agreement or disagreement with statements such as "Some degree of resident attrition is a necessary phenomenon" and "I feel that it is my responsibility as a program director to redirect residents who should not be surgeons." (The complete survey is found in the eMethods in the Supplement. ) Finally, program directors were asked to complete demographic and attrition data for their respective program for the study period July 1, 2010, to June 30, 2015 (which covered from academic years 2010-2011 to 2014-2015) . These data included the total number of categorical residents enrolled in the program, the number of residents who left, the level of training of those who left, and the destination of those who left (ie, different specialty, different surgical training program, or exit from graduate medical education entirely). Only categorical surgical residents were included in the study; thus, program directors were specifically instructed to exclude any preliminary residents in their responses. The number of residents undergoing remediation in any academic year was collected. For the purposes of the survey, remediation was defined as either formal or informal mentoring or remedial efforts in any area (eg, medical knowledge, interpersonal skills, and professionalism). Program-level data on 5-year General Surgery Qualifying Examination (http://www.absurgery.org/default.jsp
Key Points
Questions What is the current rate of attrition among categorical general surgery residents, and is it influenced by program director attitudes?
Findings In this multicenter analysis of 21 US residency programs in general surgery, an 8.8% overall attrition rate was observed among categorical surgical residents. Low-attrition programs had a higher rate of resident remediation than did high-attrition programs, and the difference was statistically significant.
Meaning
Program director attitudes and program characteristics, such as remediation, are associated with overall surgical resident attrition rates, which may be lower than was previously reported.
?certgsqe) and General Surgery Certifying Examination (http: //www.absurgery.org/default.jsp?certcehome) rates as published on the American Board of Surgery website were independently collected.
Statistical Analysis
Data were abstracted and then analyzed using Epi Info, version 7 (Centers for Disease Control and Prevention). The data provided by the program directors were calculated to determine the annual attrition rate for each program. Programs in the highest quartile (>3.4%) of trainee losses per year were compared with programs in the lowest quartile (<1.5%) of trainee losses per year. Continuous variables were compared using the Wilcoxon rank sum test, and categorical variables were compared with the χ 2 or Fisher exact test. A 2-sided P < .05 was considered to be statistically significant. When we compared high-attrition programs (n = 5) with low-attrition programs (n = 6)-those in the highest quartile and lowest quartile of trainee loss per year-the programs were not statistically significantly different in program location or program type or median (IQR) program size (35 residents vs 28 [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] ; P = .71) or percentage of female residents (33.3% [32.0%-42.4%] vs 39.8% [27.5%-40.3%]; P > .99) ( Table 3 ). The timing of attrition and the eventual destination of residents who left training were not different when we compared highand low-attrition programs (Table 3) . Of the program characteristics of interest, only the use of resident remediation was statistically significantly different between the high-and low-attrition groups (22 of 323 residents [6.8%] vs 69 of 328 residents [21.0%]; P < .001).
Results

All
No differences were observed between high-and lowattrition programs in the volume of cases performed: graduating chief residents performed more than 1150 cases (2 of 5 programs vs 3 of 6 programs; P = .42), PGY 2-level residents performed more than 225 cases (4 of 5 programs vs 3 of 6 programs; P = .81), and PGY 1-level residents performed more than 75 cases (4 of 5 programs vs 5 of 6 programs; P > .99). Similarly, no differences were found between high-and low-attrition programs in the use of a night float system, the presence of formal resident mentoring programs, dedicated resident research time, the availability of elective time, or the presence of an annual resident retreat ( (Table 3) . Finally, the tenure of the current program director was not statistically significantly different between the 2 groups (median [IQR], 5.0 [4] [5] [6] [7] years for high-attrition programs vs 9.5 [8] [9] [10] [11] years for low-attrition programs; P = .11), ranging from 3 to 13 years.
When we examined attitudes toward various statements about resident attrition and education, program directors at high-attrition programs were more likely than those at lowattrition programs to agree with this statement: "I feel that it Table 4) . No other differences in rates of agreement were observed between the high-and low-attrition program directors (Table 4) .
Discussion
In this multicenter study, the overall rate of attrition among categorical general surgery residents in 21 programs surveyed was 8.8% over a 5-year period, a rate that is significantly lower than reported in previous studies. Surprisingly, the study also identified a wide range of 5-year attrition rates, with nearly a 7-fold difference between the lowest (2.2%) and the highest (14.3%) rates. Programs with low attrition were more likely to use resident remediation. Approximately 1 in 5 residents underwent remediation at low-attrition programs, whereas only about 1 in 15 residents underwent remediation at high-attrition programs. When we examined the opinions and attitudes of the program directors, statistically significant correlations were found between those at high-attrition programs and agreement with the statement "I feel that it is my responsibility as a program director to redirect residents who should not be surgeons" and the assessment that a 6% annual rate of attrition was "too low," both of which point toward the influence that program director attitudes can have on resident trainee experiences and the likelihood of residents not completing training. In addition, this study also revealed no differences between high-and low-attrition programs in the operative experience by case volume, use of formal mentoring programs, availability of elective time, use of a night float system, presence of a resident retreat, or availability of dedicated research time, all of which raise questions about commonly perceived issues affecting resident morale and the likelihood of attrition.
The association between increased use of remediation by residency programs and low rates of resident attrition is novel. Resident remediation requires a significant commitment from both the resident trainee (who must be willing to engage) and the residency program (which must design and implement a remediation plan). In most instances, the program director is integrally involved in such a remediation plan. 16 Some might argue that attempting remediation might not be a worthwhile investment of time given that the resident undergoing remediation may still not successfully complete the program. However, Yaghoubian et al 16 found that residents undergoing remediation were just as likely to successfully complete residency as those who did not require remediation. Their findings taken with ours help point to the potential effect that liberal use of remediation can have on surgical trainee retention without negatively affecting a trainee's ability to complete general surgery residency. The wide range in 5-year attrition reported by programs (2.2% to 14.3%) was a surprising finding, as was the variability in program director response to the statement "I feel that it is my responsibility as a program director to redirect residents who should not be surgeons." The program director can strongly influence the educational structure, culture, and "feel" of a residency program. Our results support the notion that, to some degree, the individual program director may set the tone of the program culture pertaining to remediation and attrition. This theory is further supported by the finding that program directors at high-attrition programs believed that a mean 6% annual attrition rate was between "too low and about right," whereas program directors at low-attrition programs deemed this rate "too high" (Table 4 ). This finding introduces the concept that some program directors may view themselves as "gatekeepers" whose role is to keep out those residents who should not be surgeons, whereas other program directors may envision their role as "shepherds" who help guide and tend to their trainees so as to graduate as many of them as possible. Most program directors likely fall somewhere along a spectrum of these 2 extremes of attitude. Given the wide range in attrition rates, it would be valuable to better scrutinize low-attrition programs to help identify measures that can prevent trainee losses, whether by improving the selection criteria, adding educational elements to a program, or enhancing aspects of the program culture to boost trainee morale and support. In examining potential targets for addressing resident attrition, we did observe a trend (although not statistically significant) at low-attrition programs toward increased amounts of educational time and a higher likelihood that educational time was fully protected from clinical duties ( Table 3 ). An increased focus on resident education and remediation may help prevent trainee losses and is worthy of further study. To our knowledge, the question of improved selection strategy for a program has been examined only once in the currently available literature. Kelz et al 2 examined a single program's experience with resident attrition before and after the implementation of a novel selection strategy. Those authors reported a decrease in resident attrition from 27.3% to 3.2% following the implementation of a standardized selection process, although they did not perform a complete follow-up for the group of residents selected in this new way. Despite this limitation, this experience speaks to the importance of "fit" between program and trainee as well as the idea that program culture can be modified to decrease resident trainee loss. 2 The overall 5-year attrition rate of 8.8% in the present study stands in contrast to other published literature on this subject. Khoushhal and colleagues 1 recently reported on 22 studies that included 19 821 total residents with an overall resident attrition rate of 18% (95% CI, 12%-21%). The authors pointed out that only 9 of the 22 studies were at low risk of bias. In addition, "there was considerable heterogeneity between studies, which remained high even when [Khoushhal and colleagues] restricted the analysis to studies reporting data from multiple training programs." 1(p270) Given the variety of types and quality of the studies included, the conclusions these authors drew must be interpreted in light of the limitations they presented. The largest study included in the analysis showed the lowest rate of attrition among the 22 studies. O'Leary and Capote 17 reported an 11% attrition rate among 7029 residents over a 5-year period; their results are consistent with our own. Historically, general surgery residency has had significantly higher 5-year attrition rates than that seen in other surgical disciplines (ie, obstetrics gynecology, 4.2%
10
; ear, nose, and throat, 6%
18
; orthopedic, <1% 19 ; neurosurgery, 6.7% 20 ) , despite the rigors of training or perceived difficulty of these other fields. Results of this study are more congruent with the attrition rates of these specialties.
Identifying the "right" amount of trainee loss is difficult, and we would argue that some residents who begin training clearly should not complete it. The wide variation in program attrition rates observed in our study raises the idea that the culture and training experiences in each program are unique. Nevertheless, based on our findings, high-attrition programs could lower their attrition rates through the increased use of resident remediation and increased focus on resident education. We did not specifically address involuntary attrition, but other authors have examined residents at risk of not completing training because of serious interpersonal, professional, or cognitive issues. 21 Although we would not argue for an attrition rate of 0% among general surgery trainees, we believe that reducing trainee losses is an admirable goal for the profession. Greater emphasis on the written and oral General Surgery Qualifying Examination pass rates, which are now publicly posted and used by residency review committees, will likely exert pressure on program directors, who may fear that attempting to remediate a resident with poor medical knowledge may affect their program's 5-year board pass rates. Our study suggests that such fears may be unfounded because programs with high levels of remediation and low attrition had similar board pass rates as those with high attrition.
Limitations
There are important limitations to the present study that should be considered when evaluating its findings. A major limitation is that the 21 programs included in the study may not fully represent the variety of general surgery training programs in the United States. Prior collaboration between some programs and some of our coauthors was one of the reasons for pursuing the study; we believed such collaborations would encourage open and honest sharing of potentially sensitive data. The 21 programs included may, in fact, all be low-attrition programs, and selection bias among the included participants is a possibility. More than half of the programs are located on the West Coast, which may affect our ability to draw generalizable conclusions. Another reason for our selection of the programs was their willingness to participate in our survey. This participation, however, undoubtedly has some effect on our ability to capture the experience of resident attrition and program director attitudes at a variety of programs. This study is also limited in that it relied on program directors' recall of specific instances of trainee losses and is a retrospective review of 5 years' experience. Information regarding the eventual destinations of residents who left training and the timing of resident loss was all provided by individual program directors. To ensure anonymity and full participation, individual-level data on trainees (including academic performance, sex, age, and marital status) were not collected; therefore, we were unable to examine individuallevel factors associated with attrition.
Conclusions
Our multicenter study of 21 general surgery programs found a significantly lower rate of resident attrition than has been previously reported, to our knowledge. In addition, we report the novel associations of increased use of resident remediation at low-attrition programs and specific program director attitudes found at high-attrition programs. Increasing the use of remediation may help prevent surgical trainee loss, although
eMethods. Resident Attrition Survey
For the purposes of this study, we are defining "resident attrition" as anyone who begins a categorical surgery position at your program and does not finish. This includes: residents who leave Graduate Medical Education (GME) entirely (career change); residents who leave Surgery for a different GME career path (switch to anesthesia, for example, or switch from general surgery to integrated plastic surgery residency); and, finally, residents who leave your program to finish their surgery training at a different institution, for whatever reason. We are interested in learning more about resident attrition and any program factors that are associated with attrition rates. 
